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COOLING SYSTEM, ESPECIALLY FOR
CRYOPRESERVING BIOLOGICAL

SAMPLES, COMPRISING DEVICES FOR USE
IN CASE OF AN EMERGENCY

BACKGROUND OF THE INVENTION

The mvention concerns a cooling system, 1n particular for
cryopreservation of biological samples, which has a cooling
chamber cooled with liquid nitrogen (LN,). The invention
turthermore concerns methods for operating the cooling sys-
tem 1n case of an average (emergency, accident). Applications
of the invention are given in long-term storage of samples 1n
the cooled state, 1n particular for cryopreservation of biologi-
cal samples.

It 1s known to store biological samples for the purpose of
preservation in the frozen state in a cooling system, e.g. 1n a
cryobank (cryopreservation). Cryobanks are typically oper-
ated at temperatures below —80° C., 1n particular at a tem-
perature below the recrystallization temperature of water 1ce
(—138° C.). They contain a cooling medium reservoir with
liquid nitrogen (temperature: about —195° C.) and a plurality
of individual tanks (so-called cryotanks, mostly Dewar tlasks
made of double-walled steel) with the s1ze ranging from a few
liters up to about 2 or 3 cubic meters. The cryotanks stand 1n
rooms at normal temperature (room temperature) and are
supplied with said liquid nitrogen from the cooling medium
reservolr. In the cryotanks, boxes 1in which tubes, bags or
other closed receptacles with the samples (e.g. liquids, cells,
cell constituents, serums, blood, cell suspensions, pieces of
tissue or the like) are stored are arranged in shelves. The
samples can be fully arranged in the liquid nitrogen. To pre-
vent contamination of samples by the liquid nitrogen, the
samples are, however, mostly stored 1n a cool gaseous phase
in the vapour of the liquid mitrogen at approximately —145° C.
This gaseous phase 1s formed above a nitrogen lake on the
floor of the cryotank.

The conventional cryotanks have high operating safety in
the normal operation mode. As long as the supply with the
liquid nitrogen 1s maintained, safe storage of the samples 1s
guaranteed. However, 11 the supply of nitrogen 1s interrupted
or the vacuum breaches in the Dewar tlask in the case of an
average, the samples must be transierred to another cryotank.
During this transier, there 1s high risk, especially 1f many
cryotanks are concerned, that samples are undesirably
warmed up. Even more critical are situations of average
resulting from a {ire or 1nrush of water.

Conventional cryobanks with individual cryotanks have,
however, disadvantages when large sample quantities, such
as ten thousand up to a million or more samples, are to be
cryopreserved. Limitations occur as to the effectiveness of the
cryotank operation for the provision of constant cooling con-
ditions and for the automation when operating the cryobank,
in particular the sample handling. To overcome these limita-
tions, there 1s the i1nterest to replace the conventional cryo-
tanks by larger storage devices as are used for instance for
storage of food. Cooling chambers are known, which allow
elfective storage of food and automation. However, due to
their operating temperature 1n a range above -50° C., the
conventional cooling chambers are not suitable for long-term
cryopreservation of biological samples.

An extended cooling system, which 1s suitable for the
cryopreservation of biological samples 1s described by the
inventors of the present invention 1n a further patent applica-
tion (not yet published at the prionty date of the present
invention). The cooling system comprises a cooling chamber,
which 1s delimited by a floor area, side walls and a ceiling
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2

area, and a cooling device, which 1s provided for cooling of
the cooling chamber with liquid nitrogen. Even 11 cryopreser-

vation 1n an expanded cooling chamber (cold room) 1s advan-
tageous with respect to the effectiveness of the cooling and
the automation of the sample handling, there are, 1n contrast
to conventional cryotanks, higher risks 1n case of an average.
For example, in the event of failure of the cooling device, the
samples cannot be removed as rapidly from the cooling cham-
ber as from a cryotank. Particular measures for removal of
refrigerated goods are neither known for the conventional
cooling chambers for storage of food.

There 1s a further problem when operating cooling cham-
bers with respect to the protection of operators, which stay in
the cooling chamber. No measures are known for the protec-
tion of an operator in case of an average where the operator 1s

exposed 1n the cooling chamber to life-threatening condi-
tions.

EP 1252 471 B1, DE 10 2007 015 390 A1, U.S. Pat. No.
4,576,010 A, U.S. Pat. No. 4,060,400 A, U.S. Pat. No. 3,287,
025 A, U.S. Pat. No. 3,385,073 A and U.S. Pat. No. 3,127,735
A describe cooling vehicles with liquid nitrogen cooling,
whose cooling chamber respectively has a door opening with
a door allowing access to the refrigerated goods. These cool-
ing vehicles are unpractical for cryopreservation of biological
samples, since the door opening allows the intflow of ambient
air, which results 1n 1cing of the interior of the cooling cham-
ber.

The objective of the mvention 1s to provide an improved
cooling system, 1n particular for cryopreservation of biologi-
cal samples, which allows to overcome disadvantages and
limitations of conventional cooling systems. The cooling sys-
tem should 1n particular allow protection of cryopreserved
samples and/or of an operator in case of an average allow. The
objective of the invention 1s also to provide an improved
method for operation of a cooling system, 1n particular for
cryopreservation of biological samples, with which disadvan-
tages and limitations of conventional methods are overcome
in case of an average.

These objectives are solved by cooling systems and meth-
ods for operating the cooling systems having the features of
the mnvention.

DESCRIPTION OF INVENTION

According to a first aspect of the mvention, a cooling
system, 1n particular for cryopreservation of biological
samples, 1s provided, which has a cooling chamber and a
cooling device, which are adapted for cooling of the cooling
chamber using liquid nitrogen. The cooling chamber 1s gen-
erally aroom enclosed by a floor area, side walls and a ceiling
area, which 1s cooled 1n its entirety with the cooling device
and 1s adapted for accommodating the samples to be pre-
served. The cooling chamber 1s preferably arranged station-
ary and immovable. It 1s particularly preferably configured to
be directly cooled by liquid nitrogen or the vapour of the
liquid nitrogen. According to the invention, at least one of the
side walls contains at least one wall element, which can be
moved relative to the respective side wall. The at least one
wall element 1s configured 1n such a way that a wall opening
can be formed 1n the side wall by a movement of the wall
clement relative to the side wall. The wall element 1s a part of
the side wall. A movement of the wall element device n
particular that the wall element can be moved from a closed
state, 1n which the side wall 1s completely closed with the wall
clement, to an opened state in which the side wall 1s 1nter-
rupted at the wall opening. Advantageously, the at least one
wall element allows an emergency opening of the cooling
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chamber for rapid removal of samples (evacuation) and/or of
persons from the cooling chamber 1n case of an average.

The wall element can be moved instantaneously, that 1s
without any delay affecting the state of the cryopreserved
samples, relative to the side wall 1n order to form the wall
opening. In distinction to the conventional cryotank, for
which sample access 1s provided only from above through a
tank lid, the at least one wall element provided for according,
to the invention allows side access to samples in the cooling,
chamber. This can advantageously considerably accelerate
the evacuation of samples. In distinction to a conventional
cooling chamber for food, the at least one wall element pro-
vided for according to the invention does not represent a door
provided for regular sample access, but rather a subregion of
the wall. This advantageously prevents the formation of unde-
sirable heat sink 1n the cooling chamber.

According to a second aspect of the invention, a method for
operating the cooling system according to the above first
aspect of the invention 1s provided for which, after detection
ol a state of average 1n the cooling system, action 1s done on
an operator and/or samples 1n the cooling chamber until their
environmental conditions correspond to a desired normal
state. The state of average 1s given when the operator and/or
the samples 1n the cooling chamber are exposed to operating,
conditions, which differ from a predetermined normal state.
According to the invention, the state ot the operator and/or of
the samples and of the use of individual or several protective
measures of the cooling system for the case of an average are
changed until the environmental conditions of the operator
and/or the samples correspond to the normal state.

In the case of the operator, the operating conditions com-
prise, for example, the temperature and/or the oxygen content
inside a protective suit of the operator and/or the operability
of mechanical components of the protective suit, such as
joints. The normal state 1s characterized for the operator, for
example, by a temperature above 0° C. and the provision of
breathable air 1n the direct environment of the operator, and
tor the protective suit by the mobility of the joints.

With respect to the samples, the operating conditions com-
prise the temperature and/or the existence ol undesirable
substances 1n the cooling chamber. The normal state 1s char-
acterized for the samples, for example, by a temperature
below —138° C. and/or the dryness of the atmosphere in the
cooling chamber.

According to the invention, the cooling chamber 1s dimen-
sioned such that at least one operator can stay and move in the
cooling chamber. The internal volume ofthe cooling chamber
1s selected such that the at least one operator completely fits 1n
the cooling chamber and can stand and/or walk therein. Pret-
erably, the internal volume is equal to at least 10 m’, in
particular at least 100 m>, such as at least 500 m>, or even
1000 m” or more.

The cooling chamber of the cooling system according to
the invention 1s adapted for accommodating a sample receiv-
ing device. Any holding structure, which 1s suitable for
accommodating samples, i particular of sample containers
with biological samples, can be used as the sample recetving
device. Sample containers comprise e.g. test tubes, tubelets,
capillaries, so-called “‘straws™, bags or other closed recep-
tacles. The sample receiving device may be arranged perma-
nently 1n the cooling chamber (in particular fixed) or 1s at least
in parts releasable. According to the ivention, the cooling
chamber 1s preferably dimensioned such that the operator can
stay and move 1n the cooling chamber provided with the
sample receiving device.

According to a preferred embodiment of the invention, the
at least one side wall and the at least one wall element, which
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4

1s provided for in the respective side wall, has the same
structure 1n a thickness direction of the side wall. The wall
element forms a wall module, which 1s connected with the
surrounding side wall through shape fitting or via a predeter-
mined breaking point. The modular structure of the side wall
with the wall element has the advantage that the thermal
properties along the side wall are substantially constant, so
that formation of a heat sink 1s prevented.

According to a further advantageous embodiment of the
invention, the at least one wall element 1s perpendicularly
shiftable relative to the surface extension of the respective
side wall. The wall element can be moved 1n a direction,
which 1s parallel to the thickness direction of the side wall. In
this case, the wall opening can be created i a particularly
casy manner in such a way that the wall element 1s shitted
from the outside to the interior of the cooling chamber or from
inside to the environment of the cooling system.

It would furthermore be advantageous that the wall ele-
ment can be moved manually, 1n particular shifted manually
relative to the side wall. In this case, a human operator can
create the wall opening using his physical strength. The use of
additional mechanical tools 1s not mandatory.

Particularly preterred 1s a variant of the invention for which
the wall element can be completely separated from the side
wall. This allows simplified access to the wall opening from
both sides of the respective side wall.

The evacuation of the cooling chamber can be advanta-
geously simplified 1f at least one of the following measures
are provided for with the cooling system. According to a first
variant, a docking device can be provided for an evacuation
container on the external side of the at least one side wall,
which has the at least one wall element. The docking device 1s
positioned on the external side of the respective side wall such
that an evacuation container coupled to the docking device 1s
arranged adjacent to the wall element resp. the wall opening
in the side wall. The docking device comprises, for example,
a frame, which surrounds the wall element or the wall opening
on the external side of the side wall and 1s adapted for cou-
pling the evacuation container. Preferably, the docking device
1s configured for a thermally 1nsulated and gas-tight connec-
tion of the cooling chamber with the coupled evacuation
container with respect to an environment of the cooling sys-
tem. Alternatively or additionally, a ramp 1s provided for on
the external side of the at least one side wall with the at least
one wall element. The ramp comprises a support, which leads
from the bottom edge of the wall element or the wall opening
in the side wall to a floor 1n the environment of the cooling
system. Evacuation of samples from the cooling chamber 1s
advantageously simplified by the ramp.

According to a further feature of the invention, a protection
device with which a local protective atmosphere can be cre-
ated 1n the cooling chamber 1n an environment of an operator
1s provided 1n the cooling chamber. The cooling system pro-
vided with the protection device 1n the cooling chamber rep-
resents a preferred embodiment of the cooling system accord-
ing to the ivention 1n accordance with the above first aspect.
The protection device can, however, be provided for even for
a cooling system with a cooling chamber and a cooling device
for cooling of the cooling chamber with liquid nitrogen, with-
out the need that at least one of the side walls of the cooling
chamber 1s provided with the wall element. In other words,
the cooling system with the protection device provided for in
the cooling chamber represents an independent subject-mat-
ter of the mvention. Advantageously, the protection device
allows that an operator can be protected against life-threaten-
ing environmental conditions, 1n particular against under-
cooling or lack of oxygen 1n the case of an average.
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According to an advantageous variant, the protection
device comprises a hood (cover), which 1s movable 1n the
cooling chamber and can be coupled with an external vent-
lation system. The interior of the hood can be impinged with
warmed-up air with the external ventilation system. The hood
1s prelerably made of a material, which 1s flexible at the
operating temperature 1n the cooling chamber, such as ametal
fo1l. According to a further varnant, the protection device
comprises movable partition walls, which are shiftable in the
interior of the cooling chamber, and with which a chamber
can be delimited from the rest of the cooling chamber. In this
case too, an external ventilation system 1s provided for with
which the iterior of the chamber can be impinged with
warmed-up air. In case of an average, an operator in the
cooling chamber can get help by the operator being covered
with the hood or the chamber with the shiftable partition walls
being formed around the operator and the interior of the hood
or the chamber being impinged with warmed-up arr.

According to a further variant, the protection device can be
provided with an insulating mat, for example made of a plas-
tic maternial, with which the operator can be thermally insu-
lated against the floor area.

According to a further advantageous feature of the inven-
tion, the cooling chamber can be provided with an alarm
device, which 1s adapted for generating an alarm in reaction to
any unauthorized access to the interior of the cooling cham-
ber. This can advantageously simplily protection of the
samples.

Average 1n a cooling system according to the invention can
also occur when the conditions undesirably change 1n the
environment of the cooling system. For example, undesirable
impingement of the cooling system with water from below or
from above can occur. In order to protect the samples 1n this
case, the cooling system 1s provided with a lifting device
and/or with an outer shell device. The lifting device and the
shell device represent features of preferred embodiments of
the cooling system according to the above first aspect, but can
also be provided for on a cooling system with a cooling
chamber and a cooling device working with liquid nitrogen
for which none of the side walls 1s adapted for the formation
of a wall opening by device of a variable wall element. In
other words, the cooling systems provided with the lifting
device and/or the shell device represent independent subject-
matters of the invention.

The lifting device 1s configured to change an operating
height of the cooling chamber or of its parts, e.g. individual
chambers, and 11 necessary of the cooling device relative to a
floor in the environment of the cooling system. Advanta-
geously, the cooling chamber can be lifted above the high
water level 1n the event of high water. Preferably, the lifting
device comprises to this end a crane and/or a hydraulically
operated carrier. The shell device 1s configured for creating a
system’s protective atmosphere, which surrounds the whole
cooling system, in particular the whole cooling chamber.
Preferably, the shell device comprises a flexible foil, for
example made of plastics, by device of which the cooling

system or at least the cooling chamber can be protected
against water penetrating from above.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages and details of the invention are
described below with reference to the attached drawings. The
figures show as follows:

FIG. 1: a schematic cross-sectional view of a preferred
embodiment of the cooling system according to the invention;
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FIG. 2: a schematic cross sectional view of the cooling
system according to FIG. 1 with a coupled evacuation con-
tainer;

FIG. 3: a schematic cross-sectional view of the cooling
system according to FIG. 1 with a ramp provided for evacu-
ation of the cooling chamber;

FIGS. 4 and 5: schematic cross-sectional views of the
cooling system according to FIG. 1 with an 1llustration of the
rescue process ol an operator with a protection device shaped
as a hood;

FIG. 6: a schematic perspective view of a cooling chamber
with shiftable walls for the formation of a protection device
shaped as a chamber;

FIG. 7: a schematic cross-sectional view of features of a
lifting device provided for according to the invention; and

FIG. 8: a schematic cross-sectional view of features of a
shell device provided for according to the invention.

Preferred embodiment of the cooling system according to
the mnvention and of the method for operating them are
described in the following with exemplary reference to a
cooling system with a cooling chamber, which 1s dimen-
sioned such that an operator can perform several walking
steps 1n the cooling chamber. The realization of the invention
1s not restricted to the cooling chamber size exemplary
shown, but 1s rather accordingly possible even with consid-
erably larger cooling chambers (halls) or also with smaller
cooling chambers. Embodiments of the invention are
described 1n particular with reference to measures on the
cooling system according to the invention for protection of
samples or operators in case of an average and the methods for
operating the cooling system 1n the case of an average are
described as well. Details of the cryopreservation of biologi-
cal samples, such as the sample preparation or the realization
of certain cooling reports or the deposition of the samples
together with stored sample data can be realized with the
cooling system according to the mnvention as 1s known per se
from the prior art.

FIG. 1 shows an embodiment of the cooling system 1
according to the invention in a schematic cross-sectional view
with a cooling chamber 100, a first cooling device 200, a
second cooling device 300 and an operation room 400. The
cooling chamber 100 1s delimited downwards by a floor area
110, sidewards by side walls 120 and upwards by a ceiling
area 130. The internal volume of the cooling chamber 100 1s
equal to e.g. 10 m-5> m-3 m. A sample receiving device 140
with shelves 141 1s arranged in the cooling chamber 100,
standing on the floor area 110 and adjacent to the side walls
120.

The floor areca 110 comprises a platform 111, which
extends over the first cooling device 200 with a trough 210.
The trough 210 has a double-walled trough body with an
evacuated interior and 1s provided on 1ts outer side with ther-
mal insulation. The thermal insulation has the same structure
as the side walls 120. Alternatively or additionally, the trough
1s insulated with an infrared mirrored vacuum region. During
operation of the cooling system 1, liquid nmitrogen 220 1is
contained in the trough 210. The liquid nitrogen 220 prefer-
ably has a free surface towards the floor area 110. A nitrogen
lake 1s formed. Filling of the trough 210 and maintaining the
reservolr of liquid nitrogen 220 during operation of the cool-
ing system 1 takes place by device of coolant supply (not
shown).

The platform 111 comprises a grating, e.g. made of steel,
which extends over the trough 210 and 1s provided with step
platforms. The step platiorms reduce any possible mechani-
cal contact between an operator 3 and the platform 111, so
that any heat flow from the operator 3 to the platform 111 1s
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mimmized. Since the platform 111 forms a support area for
the operator 3 and also the sample receiving device, the plat-
form 111 can be mechanically supported 1n the trough 210 by
additional components (not shown).

The second cooling device 300 1s provided for on at least
one of the side walls 120, 1n particular on its surface pointing
inwardly or embedded therein. The second cooling device
300 1s configured for electric cooling. It comprises cooling
clements 310, which are connected with cooling aggregates
(not shown). The cooling aggregates are located outside the
cooling chamber 100, preferably above 1t. With the second
cooling device 300, it 1s e.g. possible to provide electric
cooling down to a temperature of —150° C. According to
alternative variants of the invention, the second cooling
device 300 can be formed as a substitute by nitrogen cooling
or cooling with liquid helium.

During operation of the cooling system 1, the first cooling
device 1s €.g. used 1n the cooling chamber as the main cooling
and the second cooling device as secondary safety cooling
system. Alternatively, vice versa, the second cooling device
can form the main cooling and the first cooling device the
secondary safety cooling system.

The sample receiving device 140 comprises shelves 141
(so-called “cryo racks”) in which biological samples 2 are
stored 1n sample containers. The shelves 141 have frames
made of thermally well conductive material, e.g. made of
metal, which have thermal contact to the platform 111 and via
thermal bridges 142 directly to the liqud nitrogen 220 1n the
first cooling device 200. This advantageously guarantees
clfective cooling up to the upper compartments of the shelves
141.

According to the invention, 1s contained in at least one side
wall 120 at least one wall element 125, which 1s movable with
respect to the side wall. The at least one wall element 125 1s a
part of the wall, which extends from the inner side up to the
external side of the side wall 120 and 1s connected via an
opening joint 126 with the surrounding side wall 120. The
wall element 1235 can be separated from the side wall 120 by
device of a sliding movement or under the action of a hit so
that a wall opening 127 (see FIG. 2) can be created. On the
external side of the side wall 120 1s arranged a schematically
1llustrated docking device 128 for a mobile evacuation con-
tainer (see FIG. 2). The wall element 125 has essentially the
same structure as the surrounding side wall 120. If the side
wall 120 comprises e.g. several stratiform wall layers, they
are likewise provided for 1n the wall element 125. Deviating
from the 1llustration 1n FIG. 1, several wall elements 125 can

be provided for the formation of wall openings 1n one or more
of the side walls 120.

The wall element 125 1s dimensioned such that the wall
opening in the side wall 120 1s suitable for rapid evacuation of
samples 2 and/or operators 3 from the cooling chamber 100.
The wall element 125 may e.g. have a circular cross-section
with a diameter of e.g. 100 cm or a rectangular cross-section
with a side length of 100 cm.

The side walls 120 preterably comprise several stratiform
wall layers with an 1nner vacuum component layer 121 and an
outer plastic layer 122. The vacuum component layer 121
comprises a layer of evacuated structural elements (so-called
“vacuum components”) and an evacuated hollow wall 123.
The evacuated structural elements are formed parallelepi-
pedic, in particular like conventional building stones or bricks
for building purposes, and are made out of plastic with an
evacuated or evacuatable interior. The hollow wall 123
extends over the whole side walls 120 or parts of them. In the
area of the at least one wall element 125, the hollow wall 123
has a recess. The hollow wall 123 1s evacuated 1n the normal
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operation mode or optionally filled with a cooling liquid. The
hollow wall 123 has 1n particular an advantageous function
for the case that one of the cooling devices fails. It may be
filled from an operator-selectable external auxiliary container
(not shown) with a coolant such as liquid nitrogen 1n order to
prevent undesirable heating of the cooling chamber 100. The
plastic layer 122 comprises a layer made of a polymer foam,
¢.g. a polyurethane foam. The thickness of the plastic layer
122 can e.g. be selected 1n the range of 10 cm to 1 m or also
above 1 m.

The ceiling area 130 comprises a plastic layer, formed e.g.
out of polymer foam, in which a ceiling opening 131 1is
formed. Above the celling openming 131 1s provided the opera-
tion room 400 with a drive device 410 and mechanical control
clements 411, which project into the interior of the cooling
chamber 100. FIG. 1 shows by way of example a rod assem-
bly with a shifting unit, which can be actuated with the drive
device 410. Samples can be introduced 1nto or removed from
the shelves 141 of the sample receiving device with the shift-
ing unit. Furthermore, a hood chamber 400.1 (receiving
tower) 1s provided for in which a conveying machine 150 with
a rope hoist 151 1s arranged. Sample receiving devices 140, 1n

particular the tower-like shelves 141, can be transierred in
case of breakdown or during loading of the cooling chamber
100 mto the hood chamber 400.1. The rope hoist 151 and a
ladder 152 project from the operation room 400 through the
ceiling opening 131 1nto the cooling chamber 100. Addition-
ally, the operation room 400 can contain further operating
devices and/or be connected to a person gate device 450.

The operation room 400 furthermore contains an alarm
device 401, which 1s connected to sensors in the cooling
chamber 100 and 1n the operation room 400 and, inreaction to
any undesirable access to the interior of the cooling chamber
100, generates an alarm signal. Furthermore, a tlexible ven-
tilation line 620, which 1s connected to an external ventilation
system 630, 15 located 1n the operation room 400. The venti-
lation line 620 can be pulled 1nto the cooling chamber 100 1n
order to create there a local protective atmosphere 1n a hood
610 (see FIG. 5).

For mspection of the cooling chamber 100, an operator
steps through the person gate device 450 into the operation
room 400. Between the person gate device 450 and the opera-
tion room 400, there 1s a lock through which the operator 3
can access the operation room 400 via stairs 457. From the
operation room 400, the mspection of the cooling chamber
100 1s done through the ceiling opening 131 and by device of
the ladder 152. The operator 3 wears a protective suit, which
1s described in a further patent application (not published on
the priority date of the present invention).

Temperature sensors at diflerent distances from the floor
area 110 are provided for in the cooling chamber 100 and 1n
the operations room 400. This allows the detection of a tem-
perature distribution 1n the cooling chamber 100. If required,
additional cooling with the second cooling device 300 and/or
a ventilation device (not shown) in the cooling chamber 100
can take place to achieve balancing of the temperature, 1n
particular decreasing the temperature in the upper regions of
the cooling chamber 100.

Furthermore, nitrogen sprinkler system 108 1s provided for
in the cooling chamber 100. The nitrogen sprinkler system
108 1s preferably located on the underside of the ceiling area
130. Advantageously, rapid cooling can be achieved with the
nitrogen sprinkler system 108 at first use of the cooling cham-
ber or 1n case of failure of a cooling device. The nitrogen
sprinkler system 108 1s supplied out of the coolant supply
apparatus (not represented) via coolant lines.
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FIG. 1 1llustrates an important design of the cooling system
according to the invention. All supply connections, 1n particu-
lar supply lines and opemings, into the interior of the cooling
chamber 100 exclusively occur through the ceiling area 130,
1.¢. from above. This leads to minimization of the heat supply.
Furthermore, warmer tops can be arranged 1n the operation
room 400 or above 1t for devices, which cannot operate at low
temperatures. In particular, chambers with higher tempera-
ture or even with an internal heater for operation of movable
parts, such as motors, can be put on top. Since gas 1s formed
continuously from the first cooling device 200 with clear
increase of volume and the cooling system 1 1s designed
pressure-iree, 1.e. not gas-tight, nitrogen continuously flows
through the cooling chamber 100 from below. Also signifi-
cant for the reliable operation of the cooling system 1 1s that
heating 1n the case of an average, in particular in case of
failure of cooling devices, 1s as delayed as possible. This 1s 1n
particular achieved with the thermally insulating structure of
the side walls 120.

In the cooling system according to the mvention for cryo-
preservation of biological samples with automatable cooling,
chambers, which are walkable 1n case of emergency, the case
of an average 1s already prepared for as concerns the spatial
requirements, with predetermined equipment and/or pre-
defined procedures for the case of an average. In case of an
average, this provides a defined procedure and the required
device for quickest possible recovering of the samples as well
as, 1f they are involved, of operators 1n and out of the cooling
chamber concerned. For the purpose of providing better
understanding of the case of an average, the normal operation
mode of the cooling system according to the invention 1s at
first described.

1. Normal Operation

During normal operation, the cooling system 1s 1n one of
the operation modes, which comprise 1nitial cooling of a
cooling chamber, normal cooling, a technical check, mainte-
nance/repair work, standby operation and closure of the
sample storage 1n the cooling chamber.

For initial cooling, the whole cooling chamber with all
installations and any pre-chambers 1s completely dried e.g.
through heating or through gas-tight sealing of the cooling
chamber with respect to the environment and introduction of
dried gases. Sealing of the cooling chamber 1s performed, for
example, using a shell device, which 1s described below with
reference to FIG. 8. After this, liquid nitrogen 1s filled into the
first cooling device 200. During cooling of the first cooling
device 200, a high amount of dry nitrogen gas 1s created and
presses the interior air upwards from the cooling chamber.
This 1s continued until the first cooling device 200 1s cooled
down 1s, no further nitrogen gas 1s formed and the oxygen
content under the shell device becomes imperceptibly low is.
Then, the shell device 1s removed, and after further cooling of
the cooling chamber to a temperature below -140° C. the
cooling system can be put into operation as store for samples.

During normal cooling, the first cooling device 1s continu-
ously filled up with ligmid nitrogen, which volatilizes and
maintains the nitrogen atmosphere 1n the cooling chamber.
The nitrogen atmosphere has a horizontally graded tempera-
ture 1n the cooling chamber, which 1s —190° C. 1n the floor
area at and —140° C. in the ceiling area. The dry, cool nitrogen
gas 1s pressed from the cooling chamber 1nto the upper opera-
tion rooms, and then discharged from there to the environ-
ment. Storing and destocking of samples 1s performed auto-
matically during normal cooling. If undesirable i1ce
accumulation 1s detected with cameras 1n the cooling cham-
ber, which 1s indicative of leakage 1n the side wall, the leak 1s
sealed, e.g. by pressing 1n a liquid, which freezes 1n the leak.
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The technical check comprises testing of sensors, cameras
and supply elements of the cooling system. In particular for
testing the sensors, liquid mitrogen 1s filled up after a phase of
reduced cooling by the first cooling device and, the resulting
change 1n temperature 1n the cooling chamber 1s tracked using
the sensors.

For maintenance/repair work, the operator 3 steps into the
cooling chamber (see FIG. 1). Since a cryobank i1s to be
operated with uninterrupted cooling over decades, the tem-
perature cannot be raised in the cooling chamber during
maintenance/repair work. Therefore, the operator 3 wears a
heated protective suit with its own gas and electric supply.
Since the cooling chamber 1s free of oxygen, a further opera-
tor 4 wearing a protective suit 1s on stand-by in the upper
operation room 400 for the safety of the operator 3 1n the
cooling chamber 100. Both operators 3, 4 stand 1n radio
contact and are observed from the outside by a camera system
or a third operator S wearing the protective suit. Mechanical
rescue systems (rope winches ) are activated and ready for use,
the protective suits are connected with a rescue rope. The
internal temperatures and the breathing air supply are
detected 1n the protective suits by device of sensors and trans-
mitted to the user and the external staif. In the event of falling
below limit values, a state of average i1s recorded and, if
necessary, an alarm 1s triggered.

Standby operation may be provided for as an alternative to
normal cooling. In case of failure of cooling devices or lack of
liquid nitrogen, the cooling chamber 1s kept cold as long as
possible. Here, all devices, which are not required, are
switched off. No inspection of the cooling chamber 1s per-
formed. All openings are closed. The floor trough of the first
cooling device 1s, 1f possible, filled up by connecting an
additional liquid nitrogen reserve. The electric auxiliary cool-
ing 1s activated. The standby operation mode may include that
the temperature 1n the cooling chamber 1s raised for a certain
time period (days, weeks or months) to —80° C. IT limuit values,
such as the temperature 1n the cooling chamber 100, are
exceeded 1n the standby operation mode, a state of average 1s
recorded and, 1f necessary, an alarm 1s triggered.

The clearance of a sample stock 1n the cooling chamber
comprises a predetermined sequence of measures. A tem-
perature of between -50° C. and —80° C. 1s established in the
upper operation room. The sample containers are automati-
cally transferred into this room and deposited 1n deep-cooled
transport containers. In order to prevent ice precipitation, they
are then closed and transported away. If required, this process
can be supported by operators wearing protective suits 1n the
upper operation room.

2. State of Average

An average can occur 1n the cooling system as a result of at
least of the following operating situations, which comprise a
tailure of the first or the second cooling device through a
coolant supply problem and/or through a technical damage, a
complete failure of all cooling devices with rapid increase of
temperature, an operating fault of a protective suit of an
operator, a power lailure/electric short-circuit, a fire 1n the
cooling system or the environment, an inrush of water and any
unauthonzed entry/criminal actions.

In case of power failure or electric short-circuit, nitrogen
cooling would not be a major problem. Preferably, an unin-
terruptible power supply and emergency power supply
devices are provided for. A fire 1n the cooling chamber 1tself
can hardly occur. On the device floor as well, this 1s not
possible as long as the rooms are without oxygen. A problem
typically arises only when oxygen still penetrates into the
rooms through the ventilation system in case of an average. I
a fire then occurs, dry chemical extinguishers are provided for
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in the rooms of the cooling system. Furthermore, there are
emergency switches i all rooms, so that any possible fire
caused by an electric fault can easily be prevented. In case of
fire outside, the fire department should merely ensure that the
cooling chamber device, which must be designed leak-proof
against water penetration, 1s cooled so that the walls cannot be
attacked. They should have a fire protection coating on the
outside. Unauthorized entry or criminal actions are detected
by device of sensors (motion sensors, IR detectors) and cam-

eras and, 1f required, an alarm 1s triggered with the alarm
device 401 (see FIG. 1).

It depends on the duration and action of the respective
operating situation whether in the concrete case a state of
average 1s detected, 1n which an operator and/or samples are
exposed 1n the cooling chamber to operating conditions,
which differ from a predetermined normal state.

The effect of the failure of one or more cooling devices
depends on which one of the cooling devices forms the main

cooling system and the secondary safety cooling system 1n
the cooling chamber. When the main cooling device com-
prises an electric cooling system (second cooling device in
FIG. 1), this will result 1n heating of the cooling chamber
within a few hours 1n case of power failure or any other
malfunctions. As soon as a critical temperature of, for
example, —138° C. 1s reached, the secondary safety cooling
system (first cooling device 1n FIG. 1) must be put into opera-
tion. For this purpose, liquid nitrogen 1s pumped into the tloor
trough 210. The liquid nitrogen 1s supplied from a storage
vessel outside the cooling system, €.g. from a mitrogen tanker.
I1, 1n contrast, the main cooling system 1s operated with liquid
nitrogen and the secondary safety cooling system comprises
an electric cooling, failure of the main cooling system, e.g.
due to an mterruption of the supply of liquid nitrogen, 1s less
critical. As long as the tloor trough 210 in the cooling cham-
ber 100 contains liquid mitrogen, the operating temperature in
the cooling chamber can be kept e.g. over days up to a week.
Betore the liquid nitrogen 220 completely vaporizes from the
floor trough 210, the secondary safety cooling system 1is
turned on.

A state of average can occur when the failure of the main
cooling 1s permanent and cannot be compensated for by the
secondary safety system and/or repair work 1s required on the
main cooling or the secondary safety cooling system, which
requires for the cooling chamber to be warmed up. Further-
more, a state of average can occur if all cooling devices, 1.¢.
the main cooling and the secondary safety cooling system fail
and the temperature 1n the cooling chamber 100 1s likely to
rise above —138° C. In this case, a evacuation of samples 1s
required, as will be explained 1n the following with reference
to FIGS. 2 and 3.

For evacuation of samples from the cooling chamber 100,
an evacuation container 500 with an evacuation gate 510 1s
arranged on the docking device 128 on the external side of the
side wall 120 (FIG. 2). The evacuation container 500 com-
prises a thermally 1insulated room unit, which 1s open towards
the wall opening 127 with an opening 503 and contains a
container trough 501 for receiving liquid nitrogen and a door
504. Above the container trough 501 1s arranged a working
platform 502, 511, which runs from the opening 503 through
the evacuation container 300 and the door 504 into the evacu-
ation gate 5310. Between the evacuation container 500 and the
evacuation gate 510 i1s a gas passage 505 provided for,
through which nitrogen gas resulting 1n the evacuation con-
tainer 500 1s led out via the evacuation gate 510. This advan-
tageously minimizes penetration of humid air, so that ice
precipitations are prevented.
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In case of an average, the evacuation of samples from the
cooling chamber 100 comprises the following steps. At first,
the evacuation container 500 1s positioned on the external side
of the side wall 120 and fixed and sealed on the docking
device 128. Subsequently, the interior of the evacuation con-
tainer 500 1s cooled down. With liquid mitrogen in the con-
tainer trough 501, a temperature below —50° C., 1n particular
below —80° C., 1s adjusted. Subsequently, the wall opening
127 1s formed by removal of the wall element 125 (see FIG.
1).

The evacuation of the samples then comprises the extrac-
tion of samples from the sample holding device 140 1n the
cooling chamber 100 and the transier into a cryotank 506
(Dewar tank) capable of rolling. For this purpose, an operator
3 wearing the protective suit enters the evacuation container
500 via the evacuation gate 510 and the door 504 and the
cooling chamber 100 through the wall opening 127. Advan-
tageously, due to the tight coupling between the evacuation
container 300 and the docking device 128, the evacuation of
the samples can be temporarily interrupted. The wall opening
127 can e.g. be closed 1n order to continue the evacuation at a
later point 1n time.

According to a variant of the invention, the evacuation
container 500 can be fixedly connected with the external side
of the side wall 120. In this case, advantages can result for the
thermal 1nsulation and gas-tightness of the connection
between the cooling chamber 100 and the evacuation con-
tainer 500.

The operating conditions 1n the cooling system can be such
that the samples or an 1njured person must be removed 1nstan-
taneously from the cooling chamber 100. This 1s ¢.g. the case
if there 1s a risk of destruction of the samples 1n the cooling
chamber by fire or mechanical action and/or an operator 1s
injured in the cooling chamber. Since, 1n this case, the evacu-
ation via the evacuation container 500 according to FIG. 2 can
require too much time, quick recovery of operators and
samples 1s alternatively to be made. During the quick recov-
ery, samples and/or operators are removed from the cooling
chamber 100 regardless of the 1cing but, however, while pre-
serving the cooling of the samples.

For the quick recovery, aramp 3520 1s arranged according to
FIG. 3 on the external side of the side wall 120, which ramp
leads from a bottom edge of the wall opening 127 1n the side
wall 120 to the floor 521 in the environment of the cooling
system. The wall opening 127 and the ramp 520 can be
enclosed by an evacuation gate 530. Through the evacuation
gate 530, a locally dry and, if necessary, also cooled atmo-
sphere can be provided in the environment of the wall opening
127. The evacuation takes place via the ramp 520 with the
following steps.

After detection of the state of average, the ramp 520 1s
positioned on the external side of the side wall 120. The wall
clement 125 1s removed so that the wall opening 127 1s
formed. The removal of the wall element 125 can be effected
by manual action, with a mechanical tool or by device of
directional blasting. The action with the mechanical tool can
comprise €.g. cutting-out or mechanical pressing-out.

A helper 4, who wears a protective suit, can enter the
cooling chamber 100 through the wall opening 127 1n order to
remove the injured operator 3 and/or the shelves 141 with the
samples from the cooling chamber 100 via the ramp 320.
From of the ramp 520, the samples are transierred into a ready
cryotank 522 where the samples are secured. It the cooling
chamber 100 can be impinged with warm air 1n case of detec-
tion of the state of average, 1t 1s not required that the helper 4
uses a protective suit. In this case, 1t 1s suilicient 11 the helper
4 wears warm clothing and a face shield.
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FIGS. 4 and 5 schematically illustrate the rescue of an
operator 3 in the cooling chamber 100 using a protection
device 600. For this variant of the mvention, the protection
device 600 comprises a hood 610, which 1s connected via a
ventilation line 620 with an external ventilation system 630.
The hood 610 1s made of a material, which 1s flexible at the
operating temperature 1n the cooling chamber, such as ametal
to1l. In the normal state of the cooling system, the hood 610 1s
in a folded-up state 1n the cooling chamber 100. In case of an
average, the hood 610 can be unifolded by a helper 4 and used
for protection of the ijured operator 3 as 1s described 1n the
following.

In the cooling chamber 100, an operator 3 can experience
¢.g. a faint, an 1njury or an adverse etfect caused by an oper-
ating fault of the protective suit, light failure or an anxiety
attack. The operator 3 lies 1n the floor area of the cooling
chamber 100 without being able to help himself. When this
state of average 1s detected, a first helper 4 descends from the
operation room 400 via a ladder into the cooling chamber
100, while a second helper § 1s available for safety.

At first, the first helper 4 determines the cause of the state
of average. The degree the limitation of the operator 3 is
transmitted to the second helper 5 and, if necessary, further
helpers outside the cooling system. If the state of average 1s
caused by an operating fault of the protective suit of the
operator 3, the helper 4 can temporarily couple the supply unit
of his own protective suit with the protective suit of the
operator 3.

If the operator 3 1s 1n danger of life, e.g. due to the failure
of essential functions of the protective suit, the unfavorable
operating conditions in the cooling chamber 100 must imme-
diately, e.g. within a minute, be changed as far as providing
breathing air and increasing the temperature are concerned.
For this purpose, the hood 610 1s used. The helper 4 spreads
the hood 610 over the operator 3. If available, an 1nsulating,
mat 611 can be spread out prior to this on the floor area in
order to stmplily the creation of a local atmosphere. The hood
610 1s coupled via the ventilation line 620 to the external
ventilation system 630. This contains a ventilator and a heat-
ing device. Warmed-up breathing air 1s blown with the exter-
nal ventilation system 630 into the interior of the hood 610. In
case of high air throughput, the local atmosphere warms up so
rapidly that use of the protective suit can be dispensed of for
the operator 3. When using dry air, no mist occurs, and the
protective helmet of the operator 3 can be opened.

If the operator 3 1s capable of moving after a recovery, he
can leave the cooling chamber 100 using the ladder after
having worn the protective suit again. If, in contrast, the
operator 3 1s not capable of moving, the operator 3 remains at
first under the hood 610 until further helpers can be present 1n
the cooling chamber 100 1n order to carry out evacuation
through the ceiling opening, if necessary using the rope hoist
151.

According to a modified variant of the invention, the pro-
tection device can comprise shiftable partition walls 640 for
creating a local protective atmosphere 1n the cooling chamber
100, as 1s 1llustrated schematically in FIG. 6. The cooling
chamber 100 1s provided with a system of partition walls 640,
which can be mserted from above, e¢.g. from the operations
room 400 (see F1G. 1), into the cooling chamber 100. With the
partition walls 640, individual chambers 641 can be formed,
which can be coupled via a ventilation line to an external
ventilation system (not shown).

The segmentation of the cooling chamber 100 by device of
the partition walls 640 also allows a simplified evacuation of
samples from the cooling chamber 100. For example, 1t can be
provided for that, with the partition walls 640, areas such as
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the chamber 642 are separated 1n a thermally 1insulated man-
ner from the remaining cooling chamber 100. Subsequently,
samples can be evacuated from the separate areas by lifting
out, e.g. through the ceiling opening 131 (see FI1G. 1). In the
case of cooling chamber systems with a plurality of cooling
chambers arranged the one behind the other or the one around
the other, the samples can be shifted horizontally 1 a quick
and easy manner as a shelf or individually while pulling up
and lowering of the partition walls 640 1s done until the
samples are 1n the chamber 642. The total evacuation can then
be carried out from the chamber 642, which can e.g. be
removed completely with the samples (lifted out, shifted,
transported away).

FIG. 7 illustrates 1n a schematic sectional view a cooling
system 1, which 1s provided with a lifting device 700. The
cooling system 1 1s fitted with a massive frame 720 and a base
plate 730. With the lifting device 700, the operating height of
the cooling chamber 100 can be changed, for example 1n order
to protect the cooling system 1 against floods. The lifting
device 700 comprises e.g. a hydraulically operated carrier
710 and/or a crane (not shown). The base plate 730 can be
lifted with the hydraulically operated support 710. The frame
720 1s provided with engaging elements 721, which allow
lifting of the cooling system 1 with a crane.

Lifting of the cooling system 1 with the crane 1s preferred
when the cooling system 1 has the dimensions of a standard
transport container. Otherwise, lifting 1s performed with the
hydraulically operated support 710, which 1s adapted for a
lifting height 1n the range of e.g. 1 to 2 meters. Alternatively,
lifting of parts of the cooling chamber, such as the chamber
642 (see F1G. 6), with the crane can be provided.

FIG. 8 schematically illustrates a shell device 800 by
device of which a system’s protective atmosphere can be
created. The shell device 800 1s configured to impinge the
whole cooling system with a protective atmosphere. The shell
device 800 can e.g. provide protection against water penetrat-
ing from above and/or other weather phenomena.

The shell device 800 comprises a gas-tight, flexible foil
810, which connected via an air supply 820 with a ventilation
device 830 and 1s fixed with fixing elements 850 on the floor
in the environment of the cooling system 1. Supplied air can
flow out through an air outlet 840. The foil 810 consists e.g. of
plastics, such as polyolefin (like polyethylene), polypropy-
lene or polycarbonate, as a single layer or as a multilayer
composite foil.

The features of the mvention which are disclosed 1n the
above description, the claims and the drawings may be impor-
tant both mdividually and 1n combination for implementing
the invention 1n its various designs.

The invention claimed 1s:

1. A cooling system for cryopreservation of biological

samples, comprising:

a cooling chamber, which 1s delighted by a floor area, side
walls and a ceiling area,

a protection device, wherein the protection device 1s in the
cooling chamber 1s configured for creating a local pro-
tective atmosphere 1n a environment of an operator, and
comprises: (a) a hood which 1s movable 1n the cooling
chamber, or (b) movable partition walls, which are shift-
able 1n the cooling chamber, and with which a chamber
can be created 1n the cooling chamber;

an external ventilation system for impingement of an inte-
rior of the hood or an interior of the chamber with heated
air, and

a cooling device, which 1s provided for cooling of the
cooling chamber with liquid nitrogen, wherein
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at least one of the side walls contains at least one predeter-
mined wall element, that 1s a subregion of the at least one
ol the side walls and that 1s movable relative to the at
least one of the side walls such that a wall opening can be

16

10. The cooling system according to claim 9, in which

the lifting device comprises at least one of a crane and a
hydraulically operated carrier.

11. The cooling system according to claim 1, further com-

formed 1n the at least one of the side walls. 5 prising

2. The cooling system according to claim 1, 1n which the at
least one predetermined wall element has at least one feature
selected from the group consisting of

the at least one predetermined wall element 1s a detachable

wall module of the at least one of the side walls,

the at least one predetermined wall element 1s shiftable

perpendicular to the at least one of the side walls,

the at least one predetermined wall element can be manu-

ally moved by an operator, and

the at least one predetermined wall element can be sepa-

rated from the at least one of the side walls.

3. The cooling system according to claim 1, 1n which are
provided on an external side of the at least one of the side
walls with the at least one wall element at least one of 50

a docking device for an evacuation container, and

a ramp, which falls off from a bottom edge of the wall

clement or the wall opening onto a tloor 1n surroundings
of the cooling system.

4. The cooling system according to claim 3, 1n which 55

the docking device 1s configured for a thermally insulated

and gas-tight connection of the cooling chamber with
the evacuation container with regard to an environment
of the cooling system.

5. The cooling system according to claim 1, 1n which 10

an alarm device, which 1s configured for generating an

alarm 1n reaction to any undesirable access to an interior
of the cooling chamber, 1s provided for in the cooling
chamber.

6. The cooling system according to claim 1, in which 15

the protection device comprises the hood, and the external

ventilation system 1s arranged

for impingement of the interior of the hood with heated arr.

7. The cooling system according to claim 1, 1n which

the protection device comprises the movable partition ,,

walls, and the

external ventilation system 1s arranged for impingement of

the interior of the chamber with heated arr.

8. The cooling system according to claim 1 1n which

the protection device 1s provided with an insulating mat

with which the operator can be thermally insulated
against the floor area.

9. The cooling system according to claim 1, which com-
prises

a lifting device, which 1s arranged for changing an operat-

ing height of the cooling chamber or of parts of 1t relative
to a floor 1n an environment of the cooling system.
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a shell device, which 1s configured for creating a system’s
protective atmosphere, which surrounds the cooling sys-
tem.

12. A method for operating a cooling system according to

claim 1, comprising the steps of:

detecting an emergency state of the cooling system 1n
which at least one of an operator and samples are
exposed 1n the cooling chamber to operating conditions,
which differ from a predetermined normal state, and

changing a state of at least one of the operator and the
samples 1n order to expose the at least one of the operator
and the samples to operating conditions, which are
equivalent to the predetermined normal state.

13. The method according to claim 12, in which the step of

changing the state comprises at least one of the steps of
forming the wall opening in at least one of the side walls
and evacuation of at least one of the operator and the
samples through the wall opening from the cooling
chamber,

creating the local protective atmosphere 1n the environ-
ment of the operator in the cooling chamber with the
protection device,

changing an operating height of the cooling chamber or of
parts of 1t relative to a floor 1n an environment of the
cooling system using a lifting device, and

creating a system’s protective atmosphere, which sur-
rounds the cooling system; with a shell device.

14. The method according to claim 13, 1n which the form-

Ing step comprises:

transporting the samples through the wall opening into
evacuation container using a Dewar flask.

15. The method according to claim 13, in which the step of

creating the local protective atmosphere comprises:
covering the operator with the hood, or formation of the
chamber in which the operator 1s accommodated, and
impingement of the interior of the hood or the chamber
with heated arr.

16. The method according to claim 13, 1n which

the operating height of the cooling chamber 1s changed
with at least one of a crane and a hydraulically operated
carrier.

17. The method according to claim 13, in which the step of

creating the system’s protective atmosphere comprises:
covering the cooling system with a gas-tight foil, and
impingement of the space covered by the gas-tight foil with
air.
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